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Pharmaceutical Residues in the Environment - New European
Integrated Programs Required
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A variety of pharmaceuticals has been detected in many environmental samples worldwide. Given the
unpredictable and possible severe effects, there is substantial public concern about the environment
contamination with pharmaceutical residues. Nevertheless, only preliminary measures aimed at protecting
the environment from adverse effects of pharmaceutical pollutants are in place; these measures must be
supplemented by integrated programs. This paper provides an overview of recent scientific research on the
sources and occurrence of pharmaceuticals in the environment, an up to date review of the EU regulations
and directives on the environmental protection with respect to pharmaceuticals and emphases the problems
encountered in the implementation of the protection measures.
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In the recent years, environment contamination with
pharmaceutical residues has become a frequently
recurring phenomenon benefiting also of media attention
[7]. In contrast to most other chemical pollutants,
pharmaceuticals are biologically active molecules,
designed to trigger a biological processes in humans or
animals bodies, usually active at very low concentrations
[38]. As the pharmaceuticals target molecules are present
in other species as well, those compounds have the
potential to affect other organisms from the environment.
Pharmaceuticals have been recognized as a potentially
hazardous group of substances with respect to the
environment [4, 7].

Although the occurrence of such substances in the
environment have been intensively studied [31, 45, 46, 52]
there is a lack of knowledge for long-term effects on human
and especially on ecosystems of the exposure to low
concentrations of such compounds and their mixtures [4].
Recent studies demonstrated that measured
environmental concentrations of antibiotics are high
enough to exert a selective pressure on clinically relevant
bacteria that may lead to an increase in the prevalence of
resistance [13, 38].

Soil contamination with pharmaceutical compounds
can lead to qualitative and quantitative effects on resident
microbial soil populations [3], disturbances in soil
functioning [49], or to plants growth inhibition [37].

At the present, statements about the behaviour of
pharmaceuticals in the environment are highly speculative.
However, OECD (The Organization for Economic Co-
operation and Development) tests show that 95% of the
pharmaceuticals studied are not readily biodegradable
[23].

Therefore, given the unpredictable and possible severe
effects, there is substantial public concern about the
environment contamination with pharmaceuticals.

This paper provides an overview of recent scientific
research on the sources and occurrence of
pharmaceuticals in the environment, an up to date review
of the EU regulations and directives on the environmental
protection with respect to pharmaceuticals and emphases
the problems encountered in the implementation of the
environmental protection measures.

Sources of pollution
The primary sources of human pharmaceutical

contamination are represented by domestic, urban,
hospital, and industrial wastewater [2, 7, 57]. Close
attention must be paid to hospital wastewater, which could
contain various potentially hazardous substances:
chemical substances used for cleaning and disinfection,
antibiotics, sedatives and anesthetics, cytotoxic drugs,
immuno-suppressants [7].

Veterinary pharmaceuticals used in agricultural livestock
become also a source of environment contamination. The
disposal of sewage from intensive livestock farming sites,
effluents from intensive aquaculture systems, and manure
application have been also recognized as a source of
veterinary drug contamination of soils and water [33]. Soil
contamination with pharmaceuticals results from the use
of contaminated manure as fertilizer on agricultural land.

The main classes of veterinary compounds which can
reach the soil, surface and groundwater sites are
antibacterials cephalosporins, macrolides, fluoro-
quinolones, sulfonamides; antiparasitic agents;
antifungals; growth promoters and hormones;
coccidiostats drugs.

Analytical methods for the detection of
pharmaceuticals in the environmental matrices

Today, the new analytical techniques allowed the
development of highly sensitive detection methods that
can detect and quantitate organic chemicals, including
pharmaceuticals, at concentrations ranging from 1-100 ng/
L in different environmental matrices.

Liquid chromatography combined with tandem mass
spectrometric detection – either triple-quadrupole, ion-trap
multi-stage or orbitrap MS – is the preferred technique in a
large majority of residue classes [6, 29, 45, 46, 51]. As
sample treatment, solid-phase extraction (SPE) or liquid-
liquid microextraction are the most popular [6, 9, 50].

Regarding the validation and the performances criteria
of the analytical methods for pharmaceutical compounds
detection in the environmental matrices, at the time, there
is no standard methods, no maximum permitted limit and
no minimum required performance level adopted.
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The Decision 657/2002/EC defines the performance
criteria for analytical methods for the detection of
veterinary drug residues in live animals and animal products.
Specific requirements of those regulations enforce the
application of high analytical techniques for the
confirmatory purpose.  Anyway the Decision 657/2002/EC
and related documents refer to the detection of veterinary
drug residues in animal products not in the environmental
matrices.

Lack of the regulation in the environmental area leaded
to adapting the existing regulation to environmental
analysis [46]. The Decision 2002/657/EC was applied also
for the detection of pesticides in water samples concerning
the number of the identification points [36].

Occurrence of the pharmaceutical residues in the
European environment

The existence of drugs in environmental waters was
first reported in the 1970s by Tabak and Brunch. Nowadays,
a vast amount of data is available on this subject in the
scientific literature, but unfortunately they usually refer to
small-scale investigations on a restricted number of drugs.

The most frequently analysed and detected classes of
pharmaceuticals are anti-inflammatory drugs, analgesics,
antibiotics, lipid regulators, steroids and related hormones,
beta-blockers [6, 29, 31, 51]. Carbamazepine, diclofenac,
ibuprofen, propranolol, erythromycin, ciprofloxacin,
sulfamethoxazole are some of the most popular
compounds for which studies report widespread
occurrence in the aquatic environment.

Table 1
PHARMACEUTI-

CALS DETECTED
IN THE ENVIRON-

MENT
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Table 1 presents an indicative list of pharmaceuticals
detected in the environment in different European
countries. No information was available for Cyprus, Croatia,
Bulgaria, Slovenia, Ukraine and other eastern European
countries.

The results of a literature review on German monitoring
data of pharmaceuticals in the environment have recently
been published[8]. The study showed that 156
pharmaceuticals have been detected in Germany in the
following matrices: surface water, groundwater, drinking
water, sewage effluent, sewage sludge, manure, soil, and
sediment. For 20 substances, the highest concentrations
measured were between 0.1 and 1 mg/L in groundwater;
for 13 other substances, the highest values were more than
1mg/L. A maximum value reported for carbamazepine
(anticonvulsant) was more than 3 mg/L [56].

The relevant findings of the monitoring program in the
basin of the Po river (2006-2007) refer to carbamazepine
concentrations  between 2-115 ng L-1 and paracetamol
concentrations  between 34-3590 ng L-1 [24].

Analysis of samples collected from Danube river basin
in Romania, revealed concentrations of carbamazepine of
20-49 ng L-1 and diclofenac lower than 20 ng L-1 in the

Danube and a maximum of 166 ng l-1 in the Arges river
[11].

On the basis of concentrations found in water bodies
during monitoring (maximum measured environmental
concentration MECmax  > predicted no-effect concentration
PNEC) scientists assume that substances such as
carbamazepine and diclofenac have a potential
ecotoxicological impact and must be treated as high-
priority hazards.

Legislative aspects
Authorization of pharmaceuticals is subject to EU

legislation in order to supplement or specify regulations to
environment protection.

Within Europe, the requirement for an environmental
safety, part for the registration of pharmaceuticals, was
first described in Directives 93/ 39-40/EC.  To the date, the
marketing of veterinary medicinal products is regulated in
EU by Directive 2001/82/EC relating to veterinary medicinal
products, and Directive 2001/83/EC relating to medicinal
products for human use, supplement and specifying
regulations pertinent to environment protection. However,
these regulations have hardly been applied to date in all EU
states member.
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During the last years, the environmental risk assessment
of human and veterinary pharmaceuticals has been
addressed by several regulatory guidance documents:
VICH (International Cooperation on Harmonisation of
technical requirements for Registration of Medicinal
Veterinary products) – Guideline on environmental impact
assessment for veterinary medicinal products phase I
(2000), and phase II (2005); EMEA/ CHMP/SWP/4447/00/
2006 - Guideline on the environmental risk assessment of
medicinal products for human use; [21] EMEA/CVMP 2008
– Reflection paper on the implementation of directive 2001/
82/EC, as amended, in respect to the assessment of
environmental risk of veterinary medicinal products [22].

According to those regulations, environmental hazards
are to be indicated together with the submission of an
application for authorisation. The guidelines propose
exposure models to estimate the predicted environmental
concentration (PEC) of veterinary pharmaceuticals in soil
and water. The decision-making scheme (decision tree)
has been fixed on a general level – trigger value - and it is
indicated that both fate and effects of drugs should be
assessed.

One serious deficit in this regulation is the fact the
environmental risks are not part of the cost-benefit analysis
(Article 26, Directive 2001/83/EC) [17]. The consequence
is that authorisation of a human pharmaceutical product
cannot be denied for reasons related to environmental
protection [8].

Furthermore, there are some inconsistencies between
the legislation concerning environmental risk assessment.
Guideline for veterinary medicinal products is based on
the soil contamination and considers as a trigger value for
phase II, the PEC of 100 mg kg-1. The same guide considers
the maximum concentration of 1µg L-1 in the effluent for
drugs used in aquaculture. Where intensive livestock
farming are practiced is recommended to calculate the
PEC for groundwater and compare with the value of 100
ng L-1 as a trigger value of the second stage. On the other
hand, the guidance EMEA/CHMP/SWP/4447/00 (2006) [21]
considers as trigger value of phase-II the concentration of
10 ng L-1 for surface waters.

Therefore, efforts should be done for harmonization of
the regulations on environment risk assessment for
pharmaceuticals.

Present and future actions
The European Water Frame-work Directive aims to

reduce groundwater pollution. Thus far, however,
environmental quality EU norms, which must be established
according to Annex I of the Directive 2000/60/EC [16],  have
only been set for nitrate, biocides, and pesticides, but not
for pharmaceuticals. A revision of Annexes I and II of the
Groundwater Directive by the EU Commission with a
provision on pharmaceuticals was adopted in 2013 [20].

For the first time, three pharmaceuticals substances
(diclofenac, 17 alpha ethinylestradiol, and 17 beta-
estradiol) was explicitly earmarked for study within the
framework of EU-wide water monitoring in the recently
adopted Directive 2013/39/EC amending Directive 2000/
60/EC as regards priority substances in the field of water
policy [20]. Those compounds were not introduced on the
priority substances list, but nominated in the first watch
list (which became available in September 2014), in order
to gain information on  pollutants that might be appropriate
for prioritisation but for which there is a lack of information
on their occurrence across Europe. Monitoring should be
carried out not less than once a year. A requirement of the
EU Commission is also to develop a strategic approach to
the pollution of water by pharmaceutical substances.

However, implementation of these demands is to date
inadequate. Though, especially in the Central and North
Europe there are actions in order to monitor and reduce
the amount of the pharmaceutical pollutants.

During 2007-2012, Germany, The Netherlands,
Luxembourg, Switzerland, United Kingdom and France -
have worked together in the PILLS project for testing new
wastewater treatment technologies for the removal of the
pharmaceutical residues Pills final Conference report,
2012).

A database of Pharmaceuticals and Personal Care
Products (PPCPs) found in wastewater treatment plants
have been developed in 2009 based on information from
117 studies into wastewater from Europe, Brazil and North
America [42].

Within AQUA TERRA (project no. 505428) data sets were
produced on the occurrence of pharmaceutical
compounds in the samples from the Danube river basin
(sampled downstream of Vienna, Novi Sad, Budapest,
Belgrade) during the sampling campaign in August 2004
[28].

Join Danube Survey reported the monitoring results of a
set of 49 emerging contaminants in water samples
collected in August – September 2013 from 68 sites along
the Danube river and the main tributaries (Joint Danube
Survey 3, Final report, 2015).

A comprehensive monitoring study was conducted
2002-2008 in Germany in the Rhine river basin. A list of 126
pharmaceuticals was considered (Laak et al., 2010).  Water
bodies were tested to determine pharmaceutical pollutants
and environmental quality norms were developed as long
as no other legislative decisions have been taken.

Switzerland has recently (2011) begun implementing
systematic monitoring of groundwater habitats (UBA 30
August 2011: Wasser, Trinkwasser und Gewasserschutz.
Lebensraum Grundwasser. Text und Vorträge).

The northern European countries have reached a new
stage dealing with this issue.  Ten ozone pilot installations
for removal of pharmaceutical and Personal Care Products
residue from water will be run in Sweden during 2014 (Press
release, December 2014).

In order to minimize pharmaceutical pollution in water
in Europe, measures regarding disposal medicine were
implemented (Directive 83/2001/EU art. 127b) [19].
However, Health Care Without Harm (HCWH) European
association released in February 2014 (Brussels) a snapshot
report that presents the results of a an European survey
suggesting that systems for the collection and disposal of
unused medicines across Europe are not effective as too
many pharmaceuticals end up in the environment.
Furthermore, the report mentions that Cyprus, Greece,
Latvia, Luxembourg, Malta, Romania, Bulgaria and Slovenia
do not yet have systems in place.

Future actions should consider all European countries
and refer to: monitoring strategies should be improved by
replacing spot sampling with integrated methods and
programs; definition of respective environmental quality
standards; inclusion of emerging pharmaceuticals in the
revision of EU List of Priority Substances under the Water
Framework Directive 2000/60/EC [16]; developing,
validation and transfer of analytical multimethod for
pharmaceuticals screening in environmental matrix,
especially regarding the Eastern Europe, where such
methods are not currently applied; routine monitoring of
those compounds become subject to regulation.

Conclusions
Considering the available data, we conclude that

compounds as pharmaceutical residues are ubiquitous.
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During the last decade, efforts have been done for the
evaluation and reducing of pharmaceutical contamination
of the environment.

Nevertheless, only preliminary measures aimed at
protecting the environment from adverse effects of
pharmaceutical pollutants are in place; these measures
must be supplemented by integrated programs.

The goals of such projects should facilitate identification,
prioritization and evaluation of human health and
environmental risk; close the gap in knowledge on the
environmental behaviour of pharmaceuticals; improve the
scientific basis of regulatory decision; harmonisation of
the water protection legislation.

There is also a need of more screening actions regarding
the prevention of uncontrolled discharge of
pharmaceuticals in the environment in the Eastern Europe.

Finally, socio-economic measures that may be able to
hinder the introduction of such compounds into the
environment should be considered.
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